INTRODUCTION
The incidence and prevalence of chronic kidney disease (CKD) has increased day by day and has become an important public health problem. 1 The most important cause of mortality and morbidity in patients with CKD is cardiovascular disease (CVD). Inadequate ultrafiltration (UF) will cause patients to be exposed to fluid and pressure loads, while excessive UF will cause undesirable side effects, particularly hy- 2 In this study, we aimed to investigate the effect of reducing the fluid excess and correcting the uremic state on the cardiovascular system in patients with end-stage renal disease (ESRD) (with new onset dialysis). For this reason, echocardiography, arterial stiffness, pro-BNP and bioimpedance were used to assess CVD and volume status of patients before dialysis. The same parameters were repeated after the patients reached dry weight.
MATERIALS AND METHODS
A total of 52 patients (18-75 years old) who were admitted to the nephrology outpatient clinic and the emergency department for ESRD and who had just started HD were included in the study. Participants who were informed about the study were voluntarily included in the work after their signed approval. In our study, the exclusion criteria are listed below: Patients with cardiac arrhythmia, patients with coronary artery disease, patients with peripheral arterial disease, patients who have had stents in coronary arteries or underwent bypass surgery, patients with metal lid, stent, metal suture or metal prosthesis, patients with malignancy, patients with active infection during the study, pregnancy, patients who are not hemodynamically stable during the use of the device.
Detailed medical histories were obtained from all the subjects studied, general physical examination was performed, heart rate and arterial blood pressure recorded. Measurements of height and weight, body composition and volume, arterial stiffness, and echocardiographic measurements were performed. The body mass indexes were calculated by dividing the weight of the patients in kilograms by the height of the body in meters. ]. Body surface area (BSA) was calculated using the DuBois formula by the patients' height (cm) and weight (kg) [BSA (m2) = (height 0.425 x weight 0.725) x 0.007184]. Age, gender, primary renal disease, hypertension, presence or absence of DM, medication usage, smoking status were recorded for all the subjects who were taken into the study.
LABORATORY ANALYSIS
BNP levels were measured before and after HD. BNP levels above 100 pg / mL were assessed in relation to heart failure. Hemoglobin, hematocrit, leukocyte, thrombocyte, total protein, albumin, globulin, sodium, potassium, calcium, phosphate, total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, PTH, CRP, ferritin and serum iron levels were measured using Architect System Kits (With the Abbott II2000SR model Architect plus (serial number ISR0746).
Arterial Stiffness Measurement
A single-armed arteriograph device (Mobil-OGraph PWA model pulse wave analyzer, branded by İ.E.M. GmbH), which has proven to be reliable for the measurement (user-independent, measuring with oscillometric method) was used. Patients included in the study were allowed to rest for 10 minutes before measurement. They were asked not to smoke or drink caffeinated beverages within the 30 minutes prior to the measurement. For each individual, date of birth, height, weight, smoking information was entered into the program of the device. While the patients were sitting, a suitable cuff was placed in the upper arm on the non-arteriovenous fistula. Three consecutive measurements were taken automatically with 30 seconds of duration. Measurements were made just before the first hemodialysis treatment on admission and after the last hemodialysis treatment before the discharge. As a measurement principle, the device was inflated so that the cuff could be at least 35 mm Hg above the currently detected systolic pressure. Thus, occlusion of the brachial artery was performed and blood flow was stopped for approximately 8-20 seconds during the measurement period. It is important to point ou that in the stop-flow condition, a membrane is formed in the brachial artery at the upper border of the inflated cuff. As air in the cuff is evacuated, arterial movement causes pressure changes in the cuff. 3 Pressure fluctuations become noticeable in the diaphragm when the central pressure changes and early (direct, P1) and late (reflected P2) systolic and diastolic waves reach the occlusion region. These small, weak pressure changes can be detected by the high-resolution pressure sensors of the arteriography, which are then amplified and scanned with a special tonometer. These changes were then evaluated by a computer. Systolic pressure, rapid increase of oscillations, average pressure, the most acute point of oscillations and diastolic pressure, all showed the point where oscillations disappeared rapidly. 4 This way, peripheral blood pressures, central systolic blood pressure, central diastolic blood pressure, central pulse pressure, cardiac output (CO), augmentation index and pulse wave velocity could be measured. Similar to the measurements made with the central pressure catheter, subclavian, axillary and brachial arteries act as cannula to transmit the central pressure changes to the sensor. The signals obtained through the oscillometer were transmitted to the computer via infrared, wireless communication network.
alternating current is applied to the human body and a vector size called impedance (Z) is measured. Volume status and body composition were measured using a portable multifrequency bioimpedance spectroscopy device (BCM® Fresenius Medical Care D, GmbH). 6 Those involved in the study were placed in a flat lying position on the back. When bioimpedance measurements were made, the arm without arteriovenous dialysis fistula was used. A total of 4 special electrodes were attached and connected to the device. Electrodes were attached to the proximal side of the dorsal face of the hand and ankle, on the same side. The device makes measurements based on changing the conductivity and insulation property of the cell membrane by sending current in 50 different frequencies (between 5 and 1000 kHz). Measurements were completed for 1-2 minutes after entering age, weight, height data for each individual. The data was transferred to the computer via patient cards and analyzed using the fluid management system. Measurements were made just before the first HD treatment and after the last HD treatment before the discharge.
Echocardiography
Echocardiographic evaluations of all patients were performed immediately before beginning the first HD treatment and 2 hours after the last HD treatment before discharge. For the echocardiographic evaluation, services were received from the Adnan Menderes University Medical Faculty Hospital. Echocardiographic examination was performed by a single investigator with Philips brand model no HD11XE ultrasound system SN 2010-10 USD 10778319 with probe S3-1. After a 10-minute rest, the patient was recorded in the device's memory at the lateral decubitus position, at the end of the expiration, when necessary at short-term apnea periods, at a rate of 100 mm / sec. Averages of 3 consecutive measurements were taken in the assessments and recorded on the patient registration forms. Left atrial dimension was measured in the parasternal long axis plane. The left atrial dimension was measured at the end of the ventricular diastole and where the left atrium was largest. Atrial diameters were measured by 2D echocardiography in apical 4 space, 2 space and long axis planes and atrium volume was calculated according to the formulas specified (LA Volume= 0.85XA1XA2 /L, where A1 and A2 were areas measured in 2ch and 4ch views, respectively. L was the linear measurement acquired in two different ways, parallel to atrial septum or perpendicular to mitral annulus).
7-9 To calculate the left atrium volume, measurements were made at the end of the left ventricular diastole at the time of the greatest left atrium just before opening the mitral valve.
Statistical Methods
Statistical Package for Social Sciences for Windows version 17 (SPSS Inc; Chicago, IL, USA) was used in statistical evaluations. Descriptive statistics were expressed as number (n, %) and mean ± standard deviation. The normal distribution suitability of the variables was examined by the Kolmogorov-Smirnov Test. T-test was used for independent groups and ANOVA for repeated measures was used to compare normal distribution variables. The Friedman ANOVA test was used to compare the variables without normal distribution. Multiple regression analysis was used to determine the factors affecting the AIx and PWV variables. 
RESULTS
Newly diagnosed patients with end-stage renal insufficiency and who planned to undergo renal replacement therapy were included in the study. Among the 52 patients diagnosed with end-stage renal failure, 71.2% (n = 37) were male and 28.8% (n = 15) were female. The mean age of all patients, male and female patients was 58,19 ± 12,73 (years old), 56,54 ± 12,81 (years old) and 62,27 ± 11,96 (years old), respectively. The distributions of age, height, weight and body mass index values according to sex are shown in Table 1 . CKD etiologic cause was hypertension in 44% of our patients, diabetes in 29%, glomerulonephritis in 7% and amyloidosis in 6% of our patients. Etiological cause could not be determined in 6% of patients. Volumetric status, vascular access, medical treatment, cigarette use, hepatitis and HIV serological status of the studied patients are given in patient characteristics section.
PATIENT CHARACTERISTICS
Vascular access route: Transient HD catheter, arteriovenous fistula (AVF) and permanent HD catheter ratios were 50%, 19.2% and 30.8%, respectively. Number of HD sessions reached dry weight (%); specified below: Dry weight was reached in 4 sessions (13.5 %), 5 sessions (46.2%,), 6 sessions (19.2%), 7 sessions (13%) and ≥ 8 sessions (7.6%). Pretibial edema status (%), specified below: 36.5% of the patients had no edema, 15.4% of the patients had edema in the amount of trace, 1 + edema, 2+ edema, 3+ edema and 4+ edema status were, 15,4 %, 21,2 %, 9,6 % and 1,9 %, respectively. Diuretic treatment status (%), specified below: 46.2% of the patients were using diuretics and 53.8% were not using diuretics. Oral sodium bicarbonate intake status, (%); specified below: 90.4% of the patients were using oral sodium bicarbonate while 9.6% were not using oral sodium bicarbonate. Smoking status (%); While 19.2% of the patients were already smoker, 28.8% quit smoking, 52% were never smoker. HBsAg / Anti-HCV / Anti-HIV status (%); The rates of HBsAg positive, anti-HCV positive and anti-HIV positive patients were 7,7%, 0% and 0%, respectively. The laboratory data of the patients were given below: The mean urea, creatinine, uric acid, total protein, albumin and bicarbonate (HCO3) Biochemical and body composition parameters that could be affected by body fluid status were compared before and after treatment ( Table 2 ). Significant changes were detected in hemoglobin, hematocrit and sodium. In the body composition measurement to determine the body fluid state, all parameters except the fat tissue index decreased significantly after HD treatment (Table 2) . PWV measurements made with mobilograph for arterial stiffness were found to be 8,84 m / s before the first HD treatment and 8,38 m / s after the last HD. It decreased significantly (p = 0.001). Before the first HD and after the last HD treatment, arterial stiffness and echocardiographic parameters were compared. PWV, MAP, CO, pulse pressure, central systole, central diastole and central pulse pressures were also significantly correlated. There was a significant decrease in CTI, LA diameters and volumes after treatment (Table 3) . Correlations between PWV and age and CTI were positive (r = 0.865 p <0.001 and r = 0.301 p = 0.030, respectively) before HD treatment. Before HD treatment, negative correlations between PWV and LTM, ICW were detected (r = -0,408, p = 0,003 and r = -0,444, p = 0,001, respectively). In the analysis of the measurements performed after the last HD, positive correlations were found between PWV and age, CTI, central pulse pressure (r = 0,884 p <0,001, r = 0,348 p = 0,012, r = 0,641 p <0,000, respectively) and negative correlation with LTI.
DISCUSSION
CV complications are the most important cause of death in ESRD. In the emergence of this complication, classical atherosclerosis risk factors as well as factors of chronic renal failure (CRF) play an important role. In the course of CRF, vascular calcification, arterial stiffness, and accelerated atherosclerosis often develop prior to the stage of dialysis and transplantation. Vascular calcification and arterial stiffness are independent determinants of CVD risk in CRF. AIx, pulse pressure and PWV are the most important parameters showing arterial stiffness. It has been shown that central AIx and aortic PWV may be a more sensitive marker of arterial aging in younger individuals, and in those over 50 years of age, respectively. 10 Patients on dialysis had better arterial stiffness parameters than predialysis stage 5 CKD patients, indicating that dialysis can improve arterial stiffness in patients with uremia.
11 Progression of renal failure decreases the renal sodium excretion capacity and increases the incidence of hypertension due to extracellular volume increase. 12 Volume expansion is one of the most important factors that results in higher levels of blood pressure in patients with CKD. 13 Beyond causing hypertension, chronic fluid overload leads to an increase in PWV, an indicator of arterial stiffness, and left ventricular hypertrophy, which is closely related to mortality.
14 It has been shown that excess fluid plays an important role in the development of arterial stiffness in dialysis patients by increasing arterial distension and systolic blood pressure. 15 Both volume overload and angiotensin II may contribute to the decreased arterial compliance and increased AIx in HD patients. 16 Aortic stiffness in HD patients is thought to be due, in part, to a reduction in aortic compliance associated with excess volume (which can be reversible). Öğünç et al. 17 evaluated the changes occurring in PWV and AIx during a single HD session. The measurements obtained at 15-minute intervals showed a significant decrease in PWV that started at 135 minutes during HD and continued until 30 minutes after the end of the dialysis. Di Iorio et al. 18 reported that PWV in HD patients underwent cyclic changes in a period of 1 week; PWV, hydration status, and blood pressure decreased during dialysis and increased in the interdialytic period. In our study, we aimed to investigate the effect of reducing the fluid excess and correcting the uremic state on the CV system in patients who reach dry weight after dialysis is started. The correlation of PWV with age and CTI before the first and after the last HD was determined. This is consistent with the fact that age is an independent variable in arterial stiffness. There was a decrease in all volumetric indicators with HD and a positive correlation between PWV and CTI was detected. HD treatment significantly improves PWV, which is indicative of arterial stiffness, in patients reaching dry weight. Decreased volume with ultrafiltration is associated with a decrease in all echocardiographic parameters. Benetos showed that elderly men with high lean mass and low-fat mass exhibit the best arterial profile with the lowest arterial stiffness in general population. 19 In our study, there was a negative relationship between PWV and LTM (before HD) and PWV and LTI (after 17 In our study, removal of excess fluid by ultrafiltration also led to an increase in hematocrit levels. Anemia usually develops during the course of CKD and may be associated with adverse outcomes. Anemia can lead to negative cardiac outcomes by inducing hypoxia and establishing the basis for LVH, ischemic heart disease, congestive heart failure. Early detection and effective treatment of anemia due to the development of CVD and adverse effects on mortality is important in preventing these adverse events. In patients with ESRD, known classical CV risk factors are insufficient to explain the development of early atherosclerosis. Effective treatment of modifiable risk factors in patients with CRF may reduce morbidity and mortality due to CVD. Therefore, recognition of the factors affecting the development of early LVH are more common in patients with CKD due to the presence of excess fluid and anemia. Correct determination of dry weight of patients is an important parameter in preventing heart failure development. In addition, BNP levels increase as the progression of heart failure progresses. It is known that BNP levels begin to increase before an apparent volume expansion occurs. Volume expansion is an important problem in patients with initial HD treatment. Interdialytic fluid intake has been shown to be associated with mortality. Long-term dialysis treatments are thought to reduce mortality by eliminating uremic toxins as well as providing volume balance. In patients with CKD, the risk of CVD can be reduced by preserving residual renal functions by salt and fluid restriction. In HD patients without residual renal function, the contribution of volume load to arterial stiffness can be prevented by correctly determining the volume status of the patient. By means of routine use of arterial stiffness measurement and bioimpedance devices, the volume status of patients can be controlled. Thus, CVD in patients with CKD can be detected and treated in advance and their development slowed down. Reduction of fluid excess by ultrafiltration in HD patients may reduce CV mortality by reducing arterial stiffness. Routine follow-up of arterial stiffness and bioimpedance parameters besides echocardiography may be helpful in determining cardiovascular risk in patients undergoing HD.
CONCLUSION
Routine measurement of arterial stiffness and bioimpedance parameters may play an important role in monitoring the cardiovascular risks of hemodialysis patients.
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